Objectives: Free fibula flap remains the flap of choice for reconstruction of mandibular defects. If free fibula flap is not possible, the subscapular system of flaps is a valid option. In this study, we evaluated the possibility of dental implant placement in patients receiving a scapular free flap for oromandibular reconstruction.
INTRODUCTION
Reconstruction of mandibular defects using microvascular flap techniques is a common procedure with very good functional and aesthetic outcome. The procedure is associated with an acceptable incidence of donor-and recipient-site complications resulting in minimal long-term morbidity [1] . There are currently four types of osseous free flaps: fibular free flaps (FFFs); subscapular system free flaps, including the lateral scapular border flaps (LSBFs) and the scapular tip free flaps (STFFs); iliac crest free flaps (ICFFs); and radial forearm osseous free flaps (ROFFs) [2] . FFF is the flap of choice for reconstruction of mandibular defects. The reasons include its anatomic reliability, ease of elevation, ability to use a two-team approach, and its acceptable donor-site morbidity [3] . With a FFF, most soft tissue defects can be reconstructed with a reliable fasciocutaneous paddle. It has been demonstrated that the FFF can be osteotomised multiple times, preferably with segments of 2 cm or more to improve the shape of the mandible. The bone stock is more than sufficient for implants, and hence offers a great opportunity for prosthetic rehabilitation while reducing morbidity. There are only a few situations in which FFF is not recommended: 1) in case of extensive through-andthrough tissue defects and when a large amount of supporting tissue is required, the fasciocutaneous paddle might not be large enough to cover the entire defect; 2) in case of a lack of 3-arterial vessel runoff (determined clinically, by computed tomography [CT] or magnetic resonance imaging [MRI] angiography), raising of the flap might impair lower leg perfusion; 3) in patients (especially the elderly) with arteriosclerotic vessels, anastomotic leakage might affect survival; 4) previous trauma to the lower leg might affect raising of the flap; 5) an existing lymphatic vascular condition will be exacerbated by a further flap raising intervention. Preoperative clinical examination, as well as angiography of the donor site is performed routinely in our department. Despite its infrequent use, the subscapular system provides an excellent donor site for oromandibular reconstruction. The bone stock is sufficient for most segmental mandibular defects. The soft tissue abundance and versatility are unmatched by other composite flaps, however the soft tissue may be too bulky in obese patients and atherosclerotic vascular disease is less of an issue than in FFF [4] [5] [6] . Donor site morbidity is very low. The shoulder function following scapular tip free flap has been demonstrated to be excellent [7] . Especially the early immobilisation of elderly patients using a scapular free flap is a very important advantage over FFF. The disadvantages of the subscapular system are the following: In the literature, pedicle length was always considered to be a disadvantage in comparison to other free flaps [8] . However, with the introduction of STFF, pedicle length of up to 17 cm can be achieved, yet with more limited bone stock, which makes it unsuitable for larger mandibular defects [9] . Besides pedicle length, another disadvantage of the subscapular free flaps is the length of the possible bone segment. Defects larger than 12 cm should be treated with FFF if possible [2] . Although the bone stock is sufficient for reconstruction of the mandible, the possibility of postoperative implant placement is questioned. Depending on placement, scapular flaps are considered as unicortical bone [8] . Bone quality has also been questioned. Therefore, the aim of this study was to evaluate the possibility of dental implant placement in patients receiving a scapular free flap for mandibular reconstruction. Furthermore, bone quality and quantity were evaluated postoperatively and one year after reconstructive surgery.
MATERIAL AND METHODS
A retrospective analysis was performed on all patients undergoing mandible reconstruction with a subscapular system free-vascularised tissue (lateral border of scapula) transfer at the University Hospital Zürich, between January 1, 2010 and January 1, 2013. The study was approved by the Institutional Ethics Committee. Data relating to patient demographics, prior free flaps, reason for mandibular defect, flap selection, flaprelated complications, donor-related complications, radiotherapy and general medical complications were collected. According to our Department protocol, postoperative digital volume tomography is performed immediately postoperatively to evaluate the reconstruction and available bone stock using a dental imaging system (KaVo 3DeXam DVT, KaVo Dental GmbH Biberach an der Riß, Baden-Württemberg, Germany). Imaging is repeated one year after the surgery to evaluate the possibility of dental implants. The change of height and width as well as bone density in the osseous free flap was examined on the digital imaging using integrated software of the KaVo 3DeXam. In each scapula flap, we used 12 reproducible measure points for bone height and width. Since osseous free flap is different in every patient, standardised measure points are not available.
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We used points in the areas of planned dental implants plus two additional measure points in between. We considered dental implants as feasible if the bone stock was 4 x 10 mm in dimension. Bone density in cortical and cancellous bone was measured using the Hounsfield units (HU). Bone density was measured at the same points as those used for the measurement of height and width. One measurement was calculated including the cortical bone, the next measurement excluded the cortical bone, and so on.
Statistical analysis
Descriptive analysis using IBM SPSS software was conducted. Parametric data were expressed as mean and standard deviation (Mean [SD]). Changes of cancellous and cortical bone density, measured in HU, and dimensions, measured in millimetres, were analysed using IBM SPSS Statistics 22. Comparisons of bone dimensions and density were performed using a Student`s t-test. Statistical significance level was defined at P < 0.05.
RESULTS
A total of 10 patients were included in this study (Table 1) . Six patients were male. Mean age was 68 years (range 54 -77 years). Reconstruction of the mandible was necessary because of squamous cell carcinoma in 5 patients, chronic osteomyelitis in 2 patients, and osteoradionecrosis in 3 patients. In 6 patients, the reconstruction with scapular flap was the second or third free flap in the same area. Seven patients received radiotherapy of the oromandibular region before reconstruction with the scapular free flap. Scapular free flap was elevated from the lateral border of the scapula; the bone flap was combined with a parascapular flap in 8 patients, a muscular latissimus dorsi flap in 3 patients, and a musculocutaneous flap of the latissimus dorsi in 4 patients. The bone was fixed to a reconstruction plate with a thickness of 2 or 2.5 mm depending on the clinical stability required. Flap survival was achieved in all patients. No patient needed removal of the flap or a second flap. In one patient with venous congestion and dehiscence of the mucosa and local inflammation, 2 cm of the scapula bone needed to be removed due to necrosis two weeks after the operation. In another two patients, debridement was performed because of mucosal dehiscence in previously radiated fields. Most often, vascular anastomosis was performed using the superior thyroid artery. In one patient, we used an end-to-side anastomosis to the external carotid artery; in another patient, we used the facial artery for anastomosis. In 40% of the patients, soft tissue reduction one year after insertion of the flap was necessary. Closure of the tracheostomy wound was conducted within a mean of 17 days, discharge of the hospital in mean after 23 days, showing that all patients could be decanulated after their extensive resections within reasonable time even though this subgroup of patients could be regarded as complicated due to previous surgeries and radiotherapy (Table 2) . Loss of bone height and width was significant (P < 0.001) within one year of examination ( Figure  1A, 1B) . Bone height decreased at a faster rate than bone width (Table 3) . Bone morphology changed likewise. There was a statistically significant increase in bone density measured for both cortical (P < 0.001) and cancellous (P = 0.004) bone (Table 4) . In all patients, bone stock was sufficient for oral rehabilitation with oral implants. Range of bone height and width was adequate for implant placement in all patients. With the gain of bone density, bone stock was suitable for integration of implants.
Only six patients received dental implants. Two patients died during follow-up, but dental implants were planned and possible in all of the patients.
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Two patients denied any further treatment or surgery. If dental implants were planned and performed, soft tissue reduction was needed in 5 of the 6 patients.
DISCUSSION
The scapular free flap is the most versatile composite flap used for oromandibular reconstruction. It allows Figure 1A . Cone beam radiograph with three-dimensional reconstruction of male patient number III: one year after mandibular reconstruction with a scapula-free flap. Figure 1B . Photograph of patient number III after dental rehabilitation was fulfilled.
for replacement of bone and for restoration of large soft tissue defects [10] . Its versatility is best demonstrated by its use in combination with either horizontally oriented scapular, or vertically oriented parascapular fasciocutaneous flap. If further soft tissue is needed, the latissimus dorsi muscle with or without a skin island, or the serratus muscle with or without a segment of rib, can be harvested with the thoracodorsal artery for perfusion. Depending on the length of the bony defect, either the lateral border of the scapula or the tip of the scapula can be used. Since both bone-parts mostly rely on separate vascular systems, osteotomies are easily performed between the two, yet applied independently. Still, harvesting of the lateral border and the tip of the scapula is possible even if the amount of bone that can be harvested is limited, for example in women with lean body mass [11] .
Regarding dental implants, Moscoso [12] considered the possibility of their implantation in scapula free flap only suitable in men, with the additional limitation of the proximal and distal portion of the lateral border. This opinion has to be considered to be obsolete since improvement of dental implants, especially the successful use of very short (6 mm)
or narrow (3 mm) implants, enable implant placement in smaller bone volumes. Additionally, chewing force is considered to be significantly reduced in patients after oromandibular reconstruction, exposing dental implants to less stress than in the normal population. As described, in our patients, we considered 4 x 10 mm to be an acceptable amount of bone for dental implants. Dental implantation would have been possible in all our patients considering bone height and width (Table 3) . Two female patients received dental implants (6 implants each, 3.5 x 10 mm; AdAstra Technologies). In the other two female patients, implant placement was refused by one patient and the other female patient died because of neoplastic disease before implant placement could be performed. Our study confirms that dental implants can be placed into the bones of scapular reconstructions in both male and female patients. Change of bone density and bone quality for dental implants in scapular free vascularised flaps has not been evaluated in the literature so far. Radiographic follow-up of the free fibula flap after extremity reconstruction has demonstrated hypertrophy of the bone in the majority of cases [13] . Clinical and experimental data regarding the long-term changes in the fibula after mandible reconstruction have been reported [14] . Complete functional oromandibular reconstruction with dental implants after resection can be considered as the current standard of care [15] . Disa et al. [16] suggested the preservation of fibula height over time to be an indicator of the preservation of fibula bone mass, and concluded that the fibula is preserved over time. The greatest amount of bone resorption was observed in the reconstructed mandibular ramus after postoperative radiation therapy [16] . In the same study, impact of load-bearing status of the mandible did not seem to affect fibula height. Since the fibula is a long bone, formed by endochondral bone deposition, it may not be possible to extrapolate those results to intramembranous-developed scapula bone. In fact, we have observed a considerable amount of bone resorption (especially in height) in our patient. Although the individual role of stress shielding due to the positioning plate thickness as well as the level of function of the patients is important, the use of scapular free bone flaps needs further investigation. Nevertheless, the known concept of 'form follows function' was reflected in the shape and density changes of the scapula bone. Adaptive stress may cause it to imitate the changes seen in a long bone with time.
CONCLUSIONS
Dental implants are possible after scapula free flap reconstruction of oromandibular defects ( Figure 1 ). Bone height and width were reduced, while bone density was increased. The gain of bone density offers a sound bone stock for dental implants in both women and men. The authors did not experience any problems with pedicle length during anastomosis.
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